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FOREWORD 

This  report  is  one  of  a  series  of  reports  resulting  from  the  study,  "Signing 
and  Delineation  for  Special  Usage  Lanes."   The  report  will  be  of  interest  to 
enforcement  officials  and  to  transportation  engineers  who  are  considering  the 
implementation  of  special  lanes  for  buses  and  carpools. 

The  research  resulted  in  recommendat ions  for  signing  and  delineation  systems 
for  nine  different  classes  of  special  use  lanes.   For  each  class,  the  informa- 
tion requirements  together  with  the  signing/marking  mechanisms  are  presented 
in  sufficient  detail  to  permit  their  adaption  to  specific  sites  while  at  the 
same  time  ensuring  a  degree  of  standardization. 

This  volume  provides  an  executive  overview  of  the  entire  study.  The  study 
results  are  summarized  in  a  six-page  appendix  which  presents  the  suggested 
information  system  components. 

One  copy  of  this  report  is  being  sent  to  each  FHWA  regional  office,  FHWA 
division,  and  State  highway  agency.   The  division  and  State  copies  are  being 
sent  directly  to  the  division  office. 
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Charles  F.  Scheffey 
Director,  Office  of  Research 


NOTICE 

This  document  is  disseminated  under  the  sponsorship  of  the  Department 
of  Transportation  in  the  interest  of  information  exchange.   The  United 
States  Government  assumes  no  liability  for  its  contents  or  use  thereof. 

The  contents  of  this  report  reflect  the  views  of  the  contractor,  Vho  is 
responsible  for  the  accuracy  of  the  data  presented  herein.   The  contents 
do  not  necessarily  reflect  the  official  policy  of  the  Department  of 
Transportation . 

This  report  does  not  constitute  a  standard,  specification,  or  regulation. 

The  United  States  Government  does  not  endorse  products  or  manufacturers. 
Trade  or  manufacturers'  names  appear  herein  only  because  they  are  considered 
essential  to  the  object  of  this  document. 
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o  Determination  of  the  information  requirements  of  users  and  non-users  of  SULs. 

o  Development  of  signing  and  delineation  systems  to  meet  the  information  requirements. 

o  Evaluation  of  the  efficiency  of  the  developed  signing  and  delineation  systems. 

The  objectives  were  achieved  through  literature  search,  analyses  of  SULs  across  the  country  and  development 
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INTRODUCTION 

In  the  late  1950s  and  early  1960s  the  answer  to  traffic 
congestion  was  simply  to  build  more  roads.   Soon  thereafter  this 
trend  reversed  as  land  acquisition  and  construction  costs  soared, 
public  opinion  shifted,  and  energy  conservation  became  a  national 
necessity.   The  need  to  increase  roadway- carrying  capacity  did 
not  diminish,  but  more  emphasis  had  to  be  given  to  improving  the 
performance  of  existing  facilities. 

Since  1950  there  has  been  a  small,  but  slowly  growing, 
number  of  roadway  lanes  dedicated  to  particular  vehicle  types 
or  to  unique  operating  characteristics.   Such  lanes  proliferated 
in  the  1970s,  and  continued  growth  of  these  special  usage  lanes 
(SULs)  appears  likely  during  the  coming  decades. 

Generally,  SULs  have  been  created  by  state  and  local  traffic 
engineers  to  meet  specific,  often  unique,  transportation  needs. 
Because  of  their  individuality,  SULs  cover  a  spectrum  of  restric- 
tions, operating  rules,  geometries,  and  signing  and  delineation. 

An  ever-present  concern  in  highway  design  and  operation 
is  to  present  drivers  with  legibile,  understandable,  credible 
information  at  appropriate  places  along  the  road.   One  accepted 
principle  in  information  system  design  is  that  driver  confusion 
will  be  minimized  if  signs  and  markings  conveying  similar  (or 
identical)  messages  are  the  same  wherever  seen  across  the  country 

This  report  deals  with  just  such  a  situation.   Signing  and 
delineation  standards  for  various  types  of  SULs  have  been  pro- 
mulgated in  the  Manual  on  Uniform  Traffic  Control  Devices  (MJTCD) 
only  since  1974.   As  the  findings  of  this  project  demonstrate, 
there  is  considerable  variation  in  special  usage  lane  signing 


and  marking  among  regions  of  the  country,  among  cities,  and  even 
within  metropolitan  areas.   Thus,  developing  and  establishing 
effectiveness  for  SUL  signing  and  delineation  which  can  be 
consistently  applied  to  SULs  nationwide  is  critical  to  assuring 
efficient  and  safe  operation  of  this  rapidly  expanding  type  of 
highway  facility. 

The  project  summarized  in  this  volume  and  described  in  the 
two  other  volumes  of  this  report  focused  on  meeting  the  need  for 
standard  special  usage  lane  signing  and  delineation.   Specifically, 
the  project  objectives  were  to: 

•  Determine  the  information  requirements  of  users  and 
non-users  of  special  usage  lanes 

•  Develop  signing  and  delineation  systems  to  meet  the 
information  requirements 

•  Evaluate  the  efficiency  of  the  developed  signing  and 
delineation  systems. 

These  objectives  were  achieved  through  six  tasks,  and 
involved  a  review  of  pertinent  literature,  information  analyses 
of  SULs  across  the  country,  and  development  of  initial  SUL 
information  systems.   Problems  found  during  the  analytic  work, 
and  new  signing  and  delineation  concepts,  were  studied  in  a 
series  of  13  laboratory  and  closed  field  experiments.   The 
laboratory  findings  and  several  SUL  information  systems  were 
then  verified  through  operational  field  studies. 


LITERATURE  REVIEW  AND 
INFORMATION  REQUIREMENTS  ANALYSIS 


The  literature  details  operating  characteristics  of  SUL 
facilities  and  evaluates  their  overall  effectiveness.   While  most 
SUL  deployments  exhibit  positive  characteristics  and  benefits  in 
terms  of  the  environment,  corridor  operations,  the  transit  system 
user,  carpool  and  vanpool  users,  cost-effectiveness,  and  safety, 
some  weaknesses  in  user  acceptance  exist.   This  last  aspect  of 
SULs  deserves  careful  consideration  early  in  the  SUL  planning  and 
development  process. 

Clearly,  the  driver's  perceptual  needs  to  negotiate  the  SUL 
facility  are  best  met  by  signing  and  delineation  in  a  uniform 
application.   Standards  have  been  established,  but  they  are  not 
uniformly  applied.   Little  has  been  referenced  of  the  signs  and 
markings  used  to  inform  the  driver  of  the  existence  and  operating 
rules  of  SUL  facilities.   Therefore,  there  was  a  need  to  develop 
the  information  requirements  of  drivers  in  dealing  with  SULs. 

Review  of  the  literature  demonstrated  that  special  usage 
lanes  exist  in  a  wide  variety  of  configurations  and  functions ,  so 
a  method  of  classifying  them  was  developed.   This  classification 
scheme  served  as  a  basis  for  determining  site  visits  and  the 
number  of  information  systems  to  be  developed. 

Five  parameters  appeared  to  characterize  existing  special 
usage  lanes:   arterial  or  freeway;  reversible,  contra-flow,  or 
nonreversible;  reserved  or  nonreserved;  physically  separated  or 
no  physical  separation;  right  lane,  left  lane,  or  median  lane. 
These  parameters  were  then  placed  in  a  matrix  format,  and  41  SULs 
were  visited  based  on  a  sampling  across  as  many  cells  in  the 
matrix  as  possible.   The  information  requirements  of  drivers, 


both  SUL  user  and  non-user,  were  determined  at  each  SUL  via 
photo- logging,  commentary  driving,  motion  picture  Csuper  8mm) 
filming  of  the  SUL,  and/or  manual  observation  of  traffic  behavior 
A  complete  set  of  information  requirements  was  specified  for  each 
part  of  the  SUL — approach,  entrance,  through,  and  exit. 

Once  the  information  requirements  were  specified,  an  expert 
panel  compared  the  requirements  across  cells  to  determine  unique 
and  common  information  elements.   This  analysis  resulted  in  a 
final  SUL  classification  scheme  with  cells  for  those  SUL  types 
having  information  requirements  different  from  other  SUL  types . 
Figure  1  gives  the  final  classification  matrix. 
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%  =  Proportion  of  SULs  in  each  category  in  1978. 


Figure  1.   Special  usage  lane  classification  matrix 
and  relative  frequency  of  SULs. 


SIGNING  ALTERNATIVE  EXPERIMENTS 

In  the  process  of  performing  the  information  requirements 
analysis,  signing  related  questions  or  problems  were  identified. 
From  these,  the  most  pressing  were  selected  and  addressed  in  four 
experiments . 

Experiment  1:   Wording  Interpretation 

The  purpose  of  this  study  was  to  select  the  word  that,  when 
combined  with  "lane,"  is  most  likely  to  convey  the  understanding 
that  a  specific  lane  is  to  be  used  only  by  high  occupancy  vehicles 

A  sample  of  42  subjects  each  read  31  SUL  scenarios,  and 
then  chose  which  of  five  words  (Prohibited,  Reserved,  Special, 
Restricted,  or  Exclusive)  best  described  the  situation.   Scenarios 
were  divided  into  three  categories:   I — situations  involving  high 
occupancy  vehicle  lanes;  II — lane  restriction  but  not  for  HOVs, 
e.g.,  trucks  use  right  lane;  III — facilities  that  were  special 
but  not  restricted,  e.g.,  reversible  or  express  lanes. 

Subjects  clearly  preferred  to  use  Special  to  describe 
Category  III  situations  and  Restricted  to  describe  Category  II 
scenarios .   There  was  sone  uncertainty  whether  Reserved  or 
Restricted  best  described  Category  I.   Using  Reserved  for 
Category  I  leaves  Restricted  for  Category  II  and  avoids  the 
equivocal  responses  drivers  have  to  the  word  Restricted. 

Experiment  2:   Contra-Flow  and 
Reversible  Lane  Signing 

This  study  evaluated  six  variations  of  conventional  one-way 
signs  which  also  communicate  that  a  contra-flow  lane  is  present, 
and  compared  several  signs  used  to  alert  drivers  of  the  entrance 


to  reversible  lanes.   The  experimental  method  involved  tachisto- 
scopic  presentation  of  stimuli  consisting  of  a  variety  of  signs 
for  both  the  contra-flow  and  reversible  lane  situations.   Each 
stimulus  was  presented  for  3  seconds  and  the  6  5  subjects  were 
given  60  seconds  to  complete  their  response  before  the  next 
stimulus  was  presented.   For  each  stimulus,  subjects  were  given 
a  list  of  from  5  to  19  response  alternatives  and  asked  to  check 
all  those  that  applied.  General  traffic  and  contra-flow  lane 
directional  information  (88  and  53%  correct,  respectively)  was 
most  successfully  conveyed  by  the  sign: 


Advance  warning  of  reversible  lanes  was  best  conveyed  by  the 


sign: 


LANE  CONTROL- 
SIGNALS    AHEAD 


■YELLOW 


Experiment  3:   Symbol  Evaluation 


This  study  evaluated  selected  alternative  symbols  designed 
to  represent  various  types  of  HOV  vehicles.   Also,  the  use  of 
vehicle  symbols  with  numerals  specifying  the  number  of  passengers 
to  qualify  as  a  carpool  was  investigated. 


Series  of  symbol  signs  were  tachistoscopically  presented 
for  0.5,  1.0,  and  1.5  seconds.   The  symbols  included  two  front 
and  one  side  view  of  a  car;  a  front  and  side  view  of  a  taxi; 
and  a  front,  side,  and  rear  view  of  a  bus.   Subjects  wrote  down 
the  type  of  vehicle  (or  number  of  riders  in  a  carpool)  depicted 
by  each  symbol. 

The  front  view  of  each  vehicle  symbol  was  most  accurately 
identified.   Carpool  occupancy  requirements  were  best  identified 
by  the  heads  plus  number  method,  but  not  significantly  more  than 
by  the  number  alone.   Therefore,  the  number  alone  technique  was 
selected  for  future  use  since  it  is  the  less  expensive  to  produce, 
Of  the  symbol  design  types  studied,  those  adopted  from  the  Port 
Authority  of  New  York  were  both  preferred  and  resulted  in  fewer 
identification  errors.*   Figure  2  illustrates  the  symbols  con- 
sidered the  best  candidates  for  further  SUL  use. 


•  3  • 
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Figure  2.   SUL  symbols  most  accurately  identified. 


Experiment  4:   Evaluation  of  Sign  Format 
and  Information  Load 


This  study  determined  the  amount  of  information  that  can  be 
presented  on  a  single  HOV  regulatory  sign,  as  well  as  the  impact 
of  the  format- -symbolic  or  worded — in  which  it  is  presented. 


*American  Institute  of  Graphic  Arts.   The  development  of 
passenger/pedestrian  oriented  symbols  for  use  in  transportation- 
related  facilities.   Washington,  D.C.:   U.S.  Department  of 
Transportation,  November  1974. 


The  information  requirements  analysis  indicated  five  information 
elements  required  on  many  types  of  SUL  signs:   vehicle  types 
permitted,  time  period (si  of  operation,  days  of  operation, 
location  of  HOV  lane,  and  other  rules  of  use.   Therefore,  this 
study  was  to  answer  the  following  questions: 

a.  How  many  elements  of  required  information  can  be 
placed  on  one  sign? 

b.  How  does  the  complexity  of  one  element  affect  the 
number  of  elements  that  can  be  processed? 

c.  How  does  the  format  or  arrangement  of  information  on 
the  sign  affect  the  number  of  elements  that  can  be 
processed? 

Modular  and  standard  sign  formats  were  tested  with  word 
only,  symbol  only,  or  word  plus  symbol  legends.*   Information 
density  per  sign  was  varied  by  changing  the  number  of  vehicle 
types  permitted  and  the  number  of  hourly  periods  the  SUL 
operated.   Three  presentation  strategies  were  tested:   single 
(all  information  on  one  sign) ;  repeated  (two  successive  presen- 
tations of  the  single  sign) ;  and  split  presentation  (two 
successive  presentations  with  a  portion  of  the  information 
on  each  sign) .   Slides  were  shown  to  a  total  of  134  subjects 
for  1.5  seconds  per  sign.   Subjects  recorded  the  information 
shown  in  each  of  five  categories:   identification  of  the  lane, 
day  of  week,  vehicle  types  permitted,  number  in  carpools,  and 
hours  of  operation. 

On  the  basis  of  the  data  analyzed,  the  Standard-Word  format 
was  best  or  equal  to  all  other  treatment  combinations  at  all 


*Modular  format  depicts  all  vehicle  types  and  conveys  the  vehicle 
type  "rule  of  use"  via  the  conventional  prohibitive  symbol, 
i.e.,  the  red  circle  with  slash.   The  standard  format  conveys 
the  "rule"  by  a  specific  statement  or  depiction  of  the  vehicle 
type(s)  permitted. 


information  density  levels.   The  split  presentation  strategy 
was  superior  for  lower  information  density  levels,  and  the  sign 
was  as  accurately  recalled  at  higher  density  levels  as  at  lower 
levels.   Since  the  symbols  were  unfamiliar  to  the  subjects, 
symbol  signs  might  become  as  effective  as  word  messages  with 
continued  driver  exposure. 


10 


DEVELOPMENT  OF  DELINEATION  ALTERNATIVES 
FOR  SPECIAL  USAGE  LANES 


The  development  of  delineation  designs  for  field  tests  was 
concentrated  on  alternative  systems  for  concurrent  flow  lanes. 
While  the  criticality  of  markings  on  contra-flow  and  reversible 
lanes  is  obviously  quite  high,  the  marking  systems  currently  used 
appear  to  be  successful.   This  is  not  the  case  for  concurrent 
flow  lanes,  particularly  those  serving  as  part-time  SULs ,  where 
violation  rates  vary  from  10  to  50  percent. 

The  design  dilemma  for  concurrent  flow  lanes  is  that  the 
design  must  communicate  two  messages:   restricted  for  use  to 
certain  vehicles  during  rush  hours,  and  then  open  to  general 
traffic  or  parking  during  off-peak  periods.   Nine  studies  were 
conducted  in  a  step-wise  fashion,  from  discovery  of  inherent 
meanings  devoid  of  SUL  scenarios,  to  refinement  of  design  para- 
meters, to  meanings  of  markings  with  benefit  of  some  signing. 

The  technique  employed  in  all  but  one  study  was  a  paired 
comparison  slide  presentation  of  buffer  zones.   Subjects  saw  an 
artist's  rendering  of  a  freeway  or  arterial  three-lane  roadway, 
with  pairs  of  buffer  zone  markings  replacing  the  usual  dashed 
line  and  a  vehicle  blocking  the  center  lane.   Subjects  were  asked 
which  direction  they  would  go  around  the  blockage,  i.e.,  which 
buffer  zone  they  would  cross.   A  similar  technique  was  used  on 
a  closed  highway  setting  with  subjects  driving  through  actual 
markings  on  the  road.   Findings  using  this  technique  were 
duplicated  via  ranking  and  rating  scales.   Figure  3  depicts  a 
sample  of  the  buffer  zone  designs  tested. 
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Figure  3.   Sample  buffer  zone  designs. 


The  major  findings  from  the  studies  are: 

1.  Inherent  meanings  of  delineation  treatments  in  terms  of 
driver  tendency  to  cross  or  not  to  cross  (prohibitive- 
permissive  displays) . 

•  Dash  or  skip  designs  are  more  permissive  than  solid, 
regardless  of  symbology  or  color. 

•  Solid  symbols,  i.e.,  diamonds,  are  more  prohibitive 
than  symbol  outlines. 

•  Line  stroke  width  has  little  effect  on  prohibitive- 
permissive  meaning. 

•  Color  may  add  a  prohibitive  dimension  in  some  cases 
but  is  not  a  primary  factor. 

2.  Effects  of  spacing  and  density  of  design  elements  in 
delineation  lines. 

•  There  are  no  appreciable  prohibitory  effects  or 
differences  between  1-foot,  2-foot,  or  3-foot  buffer 
zone  widths. 

•  Dashed  treatments  are  permissive,  regardless  of  width, 
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•  The  Crosshatch  design  is  the  most  prohibitive 
treatment  in  the  laboratory  and  in  a  controlled 
field  setting. 

•  The  greater  the  density  of  design  elements  per  gap 
width,  the  more  prohibitive  the  line. 

3.  The  impact  of  cones,  dashed-crosshatch  designs,  and 
parking  stall  markings  on  identification  of  bus  lanes. 

•  Given  an  SUL  scenario,  orange  cones  are  an  effective 
delineator  of  the  lane;  otherwise,  they  are  associated 
with  construction  work. 

•  Combinations  of  dashed-crosshatch  designs  and  cones 
create  confusion. 

•  Parking  stalls  overwhelm  the  SUL  concept  and  bury  it. 

4.  Perception  of  certain  SUL  delineation  treatments  as 
meaning  a  shoulder/breakdown  area. 

•  Designs  with  a  solid,  connected  look  are  seen  as 
shoulder  zones,  regardless  of  symbology. 

•  Dashed  designs  are  seen  as  free  travel  zones,  not 
shoulders. 

5.  Association  of  SUL  lane  delineation  with  candidate 
symbolic  signing. 

•  Marking  treatments  are  associated  with  signs  con- 
taining their  symbolic  counterparts. 

•  Cones  alone  are  not  associated  with  the  SUL  concept, 
but  become  so  when  combined  with  diamonds  and/or 
crosshatching. 
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•  Dashed-crosshatching  and  parking  stalls  alone  do  not 
associate  to  SULs.   Addition  of  pavement  diamonds  is 
helpful  to  dashed-crosshatching  but  not  parking 
stalls. 

6.   Placement  and  number  of  signs  along  an  SUL. 

•  Subjects  advocate  use  of  advance  signing  to  mark  an 
SUL  (>92%). 

•  Subjects  overwhelmingly  place  a  sign  at  the  entrance 
to  an  SUL  (>70%) . 

•  Most  often,  subjects  place  more  than  three  signs 
along  the  SUL  rather  than  just  one  or  two.   The  need 
for  repeated  information  was  seen  here. 
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FIELD  EVALUATION  STUDIES 

Information  presentation  treatments  were  field-tested  under 
fully  operational  conditions.   The  treatments  tested  were  found 
through  information  analysis  and  laboratory  experiments  to  be 
most  promising  in  terms  of: 

•  Standardizing  signing  and  delineation  methods  used  on 
SULs  around  the  country; 

•  Providing  the  information  required  by  drivers 
encountering  SULs; 

•  Minimizing  violation  of  SUL  rules  of  use; 

•  Clarifying  message  and  meaning,  conspicuity,  and  other 
sign/marking  design  factors. 

Five  studies  using  seven  sites  were  designed  either  on  a 
"before-after  with  control  site"  or  "before-after  with  repli- 
cation at  a  different  site"  experimental  paradigm.   Table  1 
summarizes  the  five  studies  in  terms  of  location,  purpose, 
facility,  treatment,  dependent  measures,  and  data  collection 
techniques.   Table  2  is  an  overview  of  the  major  results. 

The  tables  show  that  the  primary  measures  used  to  assess 
drivers  *  performance  upon  encountering  the  SUL  were : 

•  Whether  or  not  they  were  a  violator  (ineligible  user) 
of  the  SUL 

•  Whether  or  not  they  perturbed  traffic  flow  by  parking 
or  weaving  in  the  SUL  (temporary  intruder) 

•  Various  survey  techniques  to  elicit  degree  of  driver 
awareness  of  SUL  existence:  rules  of  use,  location, 
and  aspects  of  signs  and  markings. 
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Decreased  violation  incidences  and  increased  driver  aware- 
ness are  not  solely  indicative  of  the  total  traffic  picture, 
since  traffic  operational  characteristics  and  individual  driving 
styles  often  impact  ultimate  driver  behavior.   However,  the 
primary  measures  taken  do  reflect  changes  that,  when  considered 
in  relation  to  the  other  traffic  characteristics,  are  indicative 
of  the  effects  of  the  signs  and  markings.   In  this  regard,  a 
step-wise  multiple  regression  statistical  analysis  of  all  of 
these  traffic  data  was  performed.   It  was  from  these  analyses 
that  the  results  and  conclusions  were  generated. 
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SYNTHESIS  AND  CONCLUSIONS 

1.  Passive  signing  and  delineation  systems  appear  able 
to  reduce  SUL  violations  and  temporary  intrusions 
(weaving  and  parking)  by  small  to  moderate  amounts , 

e.g.,  in  the  neighborhood  of  10-40%  under  certain 
conditions.   Other  traffic  environment  factors,  such 
as  general  lane  volume  or  right  turning  volume,  are 
far  more  potent  in  influencing  violation  behavior. 
To  reduce  violation  behavior  further  will  require 
such  active  countermeasures  as  enforcement. 

2.  With  only  one  exception  (arterial  advance  notice  sign), 
all  the  information  systems  developed  and  tested  in 
this  project  performed  as  well  or  better  than  existing 
systems  or  no  system.   This  was  true  across  geographic 
regions.   Therefore,  the  project  results  suggest  it  is 
both  desirable  and  feasible  to  promote  uniform  SUL 
signing  across  the  country. 

3.  The  current  MUTCD  does  not  list  all  the  different 
SUL  information  requirements  and  associated  signing/ 
delineation.   The  results  of  this  project  provide  a  step 
in  meeting  that  need.   Specific  suggested  information 
system  components  for  each  cell  in  the  SUL  classifi- 
cation matrix  (Figure  1)  are  described  in  Appendix  A. 

4.  Two  new  types  of  signing/marking  were  developed  as  part 
of  this  project.   The  buffer  zone  (  o  <>   or  !^  2£>  <£E  ) 

by  itself  was  not  a  major  factor  in  reducing  SUL 
violations,  but  enhanced  driver  awareness  of  the  SUL. 
In  this  capacity  it  is  a  useful  part  of  the  information 
system  and  further  development  and  use  is  suggested. 
The  contra-flow  cross-street  signing  was  successful  and 
further  operational  use  appears  warranted. 
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5.  The  diamond  symbol  is  not  sufficiently  understood  by 
drivers  unexposed  to  diamond  lanes.   Signing  or  marking 
by  itself  does  not  appear  to  be  an  adequate  teaching 
device.   Greater  emphasis  needs  to  be  placed  on  driver 
education  and  awareness  via  other  media  when  diamond 
lanes  are  newly  introduced.   This  also  applies  to  SULs 
in  general.   While  the  information  systems  tested 
improved  driver  awareness  considerably,  up  to  50%  of  the 
drivers  still  did  not  notice  the  SULs.   The  existence, 
purpose,  and  rules  for  an  SUL  must  be  publicized  over 
time. 

6.  Methodologically,  two  techniques  used  in  this  project 
appear  to  have  considerable  future  potential.   The  high 
reliability  of  manual  speed  checks  makes  this  simple  and 
inexpensive  technique  worthy  of  further  testing  and  use. 
The  paired-comparison  laboratory  method  corroborated 
highly  with  ranking  and  rating  techniques  and  should 

be  equally  useful  in  studying  human  reactions  to  other 
information  system  studies. 

7.  The  dangers  in  using  simple  "before-after"  experimental 
designs  were  illustrated  by  the  field  studies.   Traffic 
conditions  are  generally  variable  and  drivers  respond 
to  many  traffic  and  personal  variables;  therefore,  a 
sensitive  experimental  design  controlling  or  accounting 
for  these  parameters  is  necessary.   The  step-wise 
regression  technique  used  for  this  project  was  more 
successful  than  the  analysis  of  covariance  methods  in 
identifying  the  effects  of  information  systems. 
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APPENDIX  A 
SUGGESTED  INFORMATION  SYSTEM  COMPONENTS 

The  information  requirements  and  suggested  signing  and 
delineation  systems  based  on  project  findings  are  depicted  in 
this  appendix.   The  rationale  and  sources  of  evidence  for  the 
various  system  components  are  also  noted.   The  four  sources 
include  the  information  requirements  analysis ,  laboratory  or 
closed  field  experiments,  full  field  evaluations,  and  current 
or  ongoing  operational  use  and  experience.   SUL  categories  and 
cell  numbers  refer  to  Figure  1. 

Three  cells  in  Volume  III  not  included  in  this  summary  are 
Cells  4  and  14  (the  shoulder  SULs)  and  Cell  12  (a  one-of-a-kind 
reversible  lane).   In  each  case,  few  facilities  exist  and  the 
number  appears  to  be  diminishing. 

A  more  complete  discussion  of  each  cell  is  found  in 
Volume  III. 
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FEDERALLY  COORDINATED  PROGRAM  (FCP)  OF  HIGHWAY 
RESEARCH  AND  DEVELOPMENT 


The  Offices  of  Research  and  Development  (R&D)  of 
the  Federal  Highway  Administration  (FHWA)  are 
responsible  for  a  broad  program  of  staff  and  contract 
research  and  development  and  a  Federal-aid 
program,  conducted  by  or  through  the  State  highway 
transportation  agencies,  that  includes  the  Highway 
Planning  and  Research  (HP&R)  program  and  the 
National  Cooperative  Highway  Research  Program 
(NCHRP)  managed  by  the  Transportation  Research 
Board.  The  FCP  is  a  carefully  selected  group  of  proj- 
ects that  uses  research  and  development  resources  to 
obtain  timely  solutions  to  urgent  national  highway 
engineering  problems.* 

The  diagonal  double  stripe  on  the  cover  of  this  report 
represents  a  highway  and  is  color-coded  to  identify 
the  FCP  category  that  the  report  falls  under.  A  red 
stripe  is  used  for  category  1,  dark  blue  for  category  2, 
light  blue  for  category  3,  brown  for  category  4,  gray 
for  category  5,  green  for  categories  6  and  7,  and  an 
orange  stripe  identifies  category  0. 

FCP  Category  Descriptions 

1.  Improved  Highway  Design  and  Operation 
for  Safety 

Safety  R&D  addresses  problems  associated  with 
the  responsibilities  of  the  FHWA  under  the 
Highway  Safety  Act  and  includes  investigation  of 
appropriate  design  standards,  roadside  hardware, 
signing,  and  physical  and  scientific  data  for  the 
formulation  of  improved  safety  regulations. 

2.  Reduction  of  Traffic  Congestion,  and 
Improved  Operational  Efficiency 

Traffic  R&D  is  concerned  with  increasing  the 
operational  efficiency  of  existing  highways  by 
advancing  technology,  by  improving  designs  for 
existing  as  well  as  new  facilities,  and  by  balancing 
the  demand-capacity  relationship  through  traffic 
management  techniques  such  as  bus  and  carpool 
preferential  treatment,  motorist  information,  and 
rerouting  of  traffic. 

3.  Environmental  Considerations  in  Highway 
Design,  Location,  Construction,  and  Opera- 
tion 

Environmental  R&D  is  directed  toward  identify- 
ing and  evaluating  highway  elements  that  affect 


*  The  complete  seven-volume  official  statement  of  the  FCP  is  available  from 
the  National  Technical  Information  Service,  Springfield,  Va.  22161.  Single 
copies  of  the  introductory  volume  are  available  without  charge  from  Program 
Analysis  (HRD-3),  Offices  of  Research  and  Development,  Federal  Highway 
Administration,  Washington,  D.C.  20590. 


the  quality  of  the  human  environment.  The  goals 
are  reduction  of  adverse  highway  and  traffic 
impacts,  and  protection  and  enhancement  of  the 
environment. 

4.  Improved  Materials  Utilization  and 
Durability 

Materials  R&D  is  concerned  with  expanding  the 
knowledge  and  technology  of  materials  properties, 
using  available  natural  materials,  improving  struc- 
tural foundation  materials,  recycling  highway 
materials,  converting  industrial  wastes  into  useful 
highway  products,  developing  extender  or 
substitute  materials  for  those  in  short  supply,  and 
developing  more  rapid  and  reliable  testing 
procedures.  The  goals  are  lower  highway  con- 
struction costs  and  extended  maintenance-free 
operation. 

5.  Improved  Design  to  Reduce  Costs,  Extend 
Life  Expectancy,  and  Insure  Structural 
Safety 

Structural  R&D  is  concerned  with  furthering  the 
latest  technological  advances  in  structural  and 
hydraulic  designs,  fabrication  processes,  and 
construction  techniques  to  provide  safe,  efficient 
highways  at  reasonable  costs. 

6.  Improved  Technology  for  Highway 
Construction 

This  category  is  concerned  with  the  research, 
development,  and  implementation  of  highway 
construction  technology  to  increase  productivity, 
reduce  energy  consumption,  conserve  dwindling 
resources,  and  reduce  costs  while  improving  the 
quality  and  methods  of  construction. 

7.  Improved  Technology  for  Highway 
Maintenance 

This  category  addresses  problems  in  preserving 
the  Nation's  highways  and  includes  activities  in 
physical  maintenance,  traffic  services,  manage- 
ment, and  equipment.  The  goal  is  to  maximize 
operational  efficiency  and  safety  to  the  traveling 
public  while  conserving  resources. 

0.  Other  New  Studies 

This  category,  not  included  in  the  seven-volume 
official  statement  of  the  FCP,  is  concerned  with 
HP&R  and  NCHRP  studies  not  specifically  related 
to  FCP  projects.  These  studies  involve  R&D 
support  of  other  FHWA  program  office  research. 
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